Mucoid Pseudomonas aeruginosa growing in a biofilm in vitro are killed by opsonic antibodies to the mucoid exopolysaccharide capsule but not by antibodies produced during chronic lung infection in cystic fibrosis patients.
Serum opsonophagocytic-killing titers often indicate the level of immune resistance to bacterial pathogens, yet in almost all cystic fibrosis (CF) patients that have chronic lung infections with mucoid Pseudomonas aeruginosa, high titers of opsonic-killing Abs can be measured and the infectious pathology still progresses through pulmonary failure and death. This anomalous finding may be due to the use of suspended cells of P. aeruginosa to evaluate phagocytic killing, whereas in the lungs of CF patients the organisms grow in a microcolony or biofilm, encased in mucoid exopolysaccharide (MEP, also called alginate). To determine whether the microcolony mode of growth contributes to bacterial resistance to host defenses, we evaluated opsonophagocytic killing of mucoid P. aeruginosa growing in a biofilm. Abs from infected CF patients were poorly able to mediate opsonic killing of biofilm, but not suspended, mucoid P. aeruginosa cells. Bacterial resistance to killing could be overcome by disruption of the biofilm layer with an enzyme that degrades MEP. Chronically infected CF patients also fail to produce opsonic-killing Abs specific to MEP, and when these Abs were evaluated in sera of older, noninfected CF patients and humans vaccinated with MEP, comparable killing of P. aeruginosa in biofilms and suspensions was obtained. In this case, C3 was deposited onto the MEP layer and could be visualized by fluorescence microscopy deposited throughout the biofilm. We conclude that opsonic Abs made by CF patients in response to chronic infection are ineffective at mediating phagocytic killing and elimination of bacterial cells growing as microcolonies in their lungs.